Preparation of N-doped carbon nanodots (N-CNs): N-doped carbon nanodots (N-CNs) were synthesized by one-step hydrothermal method using shrimp shells (River Shrimps, Hefei City, Anhui Province, China) as starting material without any synthetic chemicals. The shrimp shells were first dried at 80 o C for 12 h, and then ground into powder form as reaction precursor.
CNs (obtained by freeze drying the N-CNs solution for 24 h) at 800 o C for 2 h with a heating rate of 5 o C min -1 in N 2 atmosphere. To obtain the PPy/N-CNs-800 sample, 0.6 mL of pyrrole and 45 mL of 15 mg mL -1 N-CNs solution were added into 25 mL of deionized water solution. Subsequently, 200 μL of 36% HCl and 4.0 mL of 30% H 2 O 2 were quickly added into the above solution under vigorous stirring. After constant stirring of 4 h for complete polymerization, the product was separated by filtration and washed with ethanol and water. The hybrids were heated to 800 o C at a heating rate of 5 o C min -1 and kept at the temperature for 2 h in N 2 atmosphere. It should be noted that pyrrole in this work not only acts as polymerizer to trigger polymerization reaction, but also provides additional nitrogen doping source to improve the nitrogen doping content in carbon structure compared to only N-doped carbon nanodots as C and N sources. Moreover, the content of graphitic-N in resulting carbon structure enhances also after the introduction of pyrrole in comparison with the pyrolytic product made from only shrimp-shell derived N-doped carbon nanodots (see Table S1 ). The enhanced N doping content and suitable doping type (e.g., graphitic-N) in resulting pyrolytic product are favourable for improving its electrocatalytic activity. The Co-PPy-800 sample was synthesized by the same process as Co/CoO (or Co)@Co-N-C-800 sample except for using 45 mL of deionized water solution to replace 45 mL of N-CNs.
Characterizations
The crystalline structures of samples were identified by X-ray diffraction analysis (XRD, Philips X'pert PRO) using Nifiltered monochromatic CuKa radiation (λKα1 = 1.5418 Å) at 40 kV and 40 mA. The morphology and structure of samples were characterized by field emission scanning electron microscopy (FESEM, Quanta 200FEG) and transmission electron microscopy (TEM, JEOL 2010) with an energy dispersive X-ray spectrometer (EDS Oxford, Link ISIS). X-ray photoelectron spectroscopy (XPS) analysis was performed on an ESCALAB 250 X-ray photoelectron spectrometer (Thermo, America) equipped with Al Kα1, 2 monochromatized radiation at 1486.6 eV X-ray source.
The surface area and porosity of samples were measured by a Surface Area and Porosity Analyzer (Tristar3020M). FT-IR spectra of the samples were performed on a Nexus FT-IR spectrophotometer.
Electrochemical measurements
Electrochemical measurements were performed on an electrochemical workstation (CHI 760D, CH Instruments, Inc., Shanghai, China) coupled with a PINE rotating disk electrode (RDE) system (Pine Instruments Co. Ltd. USA).
A standard three-electrode electrochemical cell equipped with gas flow system was employed during measurements. Prior to measurements, rotating disk (1)
where J is the measured current density during ORR, is the kinetic current density, is the electrode rotating angular velocity ( is the linear = 2 , ).
The OER polarization curves and HER polarization curves were also obtained with a scan rate of 5.0 mV s -1 at room temperature in O 2 and N 2 -saturated 0.1 M KOH, respectively. All potentials were iR-compensated. And the presented current density was normalized to the geometric surface area. All the polarization curves are the steady-state ones after several cycles.
The measurements of rechargeable zinc-air batteries were performed on home-built electrochemical cells. All data were collected from the as-fabricated cell with a CHI 760D (CH Instruments, Inc., Shanghai, China) electrochemical workstation at room temperature. Briefly, zinc foil was used as anode and catalysts loaded on the gas diffusion layer (Teflon-coated carbon fiber paper with a geometric area of 1.0 cm 2 , catalyst loading amount of 2.0 mg cm -2 ) was used as the air cathode. For comparison, the rechargeable battery was also made from a mixture of Pt/C and RuO 2 /C with a mass ratio of 1:1. The electrolyte was 6.0 M KOH and 0.2 M zinc acetate solution.
Table S1
The chemical compositions of Pyrrole, N-CNs, N-CNs-800, PPy/NCNs-800, Co/CoO@Co-N-C-700, Co/CoO@Co-N-C-800, Co@Co-N-C-900
and Co@Co-N-C-1000 obtained by XPS characterization. 
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